, People's republic of china *These authors contributed equally to this work Background: The purpose of this study is to assess the relationship between apathy and tumor location, size, and brain edema in patients with intracranial meningioma. Methods: We enrolled 65 consecutive patients with meningioma and 31 normal controls matched for age, gender, and education. The patients were divided into frontal or non-frontal (NF) meningioma groups based on magnetic resonance imaging; the frontal group was then subdivided to dorsolateral frontal (DLF), medial frontal (MF), and ventral frontal (VF) groups. Tumor size and brain edema were also recorded. Apathy was assessed by the Apathy Evaluation Scale (AES). Assessments were carried out 1 week before and 3 months after surgery, respectively. Logistic regression analysis was performed to identify the predictive effect of tumor size, location, and brain edema on apathy. Analysis of variance and chi-square analysis were applied to compare apathy scores and apathy rates among the frontal, NF, and normal control groups, and all subgroups within the frontal group. Results: Compared with the NF and control groups, the mean AES score was much higher in the frontal group (34.0±8.3 versus 28.63±6.0, P=0.008, and 26.8±4.2, P,0.001). Subgroup analysis showed that AES scores in the MF group (42.1±6.6) and VF group (34.7±8.0) were higher than in the DLF group (28.5±4.36), NF group, and control group (P,0.05). The apathy rate was 63.6% in the MF group and 25% in the VF group, and significantly higher than in the DLF (5.6%), NF (5.3%), and control (0%) groups (P,0.001). A moderate correlation was found between AES score and mean diameter of the meningioma in all patient groups. Further analysis demonstrated that the correlation existed in the DLF (r=0.52, P=0.032), MF (r=0.84, P,0.001), and VF (r=0.64, P=0.008) groups, but not in the NF group (r=0.19, P=0.448). The AES score was much higher in patients with brain edema than in those without brain edema (34.73±8.28 versus 28.77±4.20, t=3.545, P=0.001). In subgroups within frontal meningioma patients, the statistical significance above only existed in the MF group (43.50±5.26 versus 25.67±6.03, P=0.001). Also, we examined the effect of related factors, such as age, sex, education, tumor size, tumor location and edema on the occurrence of apathy. The binary logistic regression analysis showed that MF [P=0.023, Exp(B) =145.6] and size [P=0.012, Exp(B) =1.20] got into the regression equation. Thirty-two patients underwent follow-up post-surgery. A significant reduction in AES was found in the MF group (AES1 -AES2 =6. 86±6.82, t=2.68, P=0.04), but not in any of the other groups. Conclusion: Apathy occurs frequently in patients with frontal meningioma, and is more severe, especially in the MF region. Apathy is probably correlated with tumor location and size. Brain edema might increase the severity of apathy.
Introduction
Apathy, defined by Marin as a neuropsychiatric syndrome due to lack of motivation, 1 could present in several diseases, including schizophrenia, Alzheimer's disease, 
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Parkinson's disease, and stroke, and with brain injury and brain tumors. [2] [3] [4] [5] [6] [7] [8] [9] Described as having a lack of interest and concern, being indifferent, and finding it hard to initiate and sustain goal-directed behavior, these patients present disability of different degrees in both self-care and social activity in terms of severity of apathy.
Neurologists and psychiatrists have attempted over many years to clarify the pathological mechanism of apathy. In recent times, a large number of studies have demonstrated that apathy is related to abnormal changes in the frontal lobe. 4, [10] [11] [12] These have mainly been cross-sectional studies in patients with Alzheimer's disease or Parkinson's disease. Using advanced imagining techniques, researchers have detected abnormalities in several frontal areas in patients with apathy when compared with those without apathy. However, it is not sufficient to conclude that apathy is a result of destruction or dysfunction of the frontal area, because these studies could not answer whether apathy was reversible when the frontal lesions were cured, as the pathology is irreversible in most of the disease ever used to study apathy.
Much less attention has been focused on apathy in patients with brain tumors, while a few studies on meningioma may give light to further study of apathy. There have been a few case reports and some clinical research on patients with meningioma located at the midline or base of the frontal lobe in whom typical symptoms of apathy have been recorded. 7, 11 Interestingly, it was also reported that these symptoms were completely or partially relieved after tumor resection. These findings are likely to tell that apathy could be result from compressed specific frontal region, eg, medial frontal (MF) or orbital frontal, caused by meningioma. In that case, this pathological process is reversible. If this is true, it will be important to understand the etiology of apathy, and it might provide a new disease model for further study. However, case reports are not powerful evidence, and lack of controls and validated tools to measure apathy are common shortcomings in the limited amount of clinical research done so far. Further, although a relationship between apathy and tumor location has been mentioned, it has not been investigated in depth in previous studies.
With the above considerations in mind, we used the Apathy Evaluation Scale (AES) to assess and compare the severity of apathy according to location, size and edema of the tumor in the brain. The severity of apathy before and after surgery was also compared.
Materials and methods Participants
The study comprised all consecutive patients who underwent surgery for meningioma at Huashan Hospital, Fudan University, from March 3, 2011 to December 11, 2011. Approval to undertake this research was received from the human research ethics committee at Huashan Hospital. Normal controls matched for age, sex, and education were recruited from patients' families or relatives. Inclusion criteria were: ipsilateral meningioma diagnosed by magnetic resonance imaging (MRI) prior to surgery; and Chinese as the mother language and an education level of primary school or above, so that patient questionnaires could be understood. Exclusion criteria were: multiple meningioma or tumor invading two or more lobes; meningioma located in the ventricles and invading the basal ganglia or in the posterior cranial fossa; inability to self-care due to severe physical illness or disability; concomitant schizophrenia, bipolar disorder, or severe depressive disorder; antipsychotic, antidepressant, or sedative medication due to mental illness within the previous 3 months; alcohol or drug abuse; history of a disease of the central nervous system; and severe brain injury within the previous year.
Mri
An MRI scan was performed on at least two occasions, ie, before and 3 months after surgery. T1, T2, flair, and enhanced series were obtained. Tumor location was judged according to the enhanced series. Tumor size was recorded as the mean diameter, which is the cube root of the product of the maximum transverse, vertical, and horizontal diameters measured in the enhanced series. Brain edema was judged by the T2 and flair series. The MRI scan 3 months after surgery was used to exclude cases with complications such as hydrocephalus or tumor recurrence.
Measures
Apathy was assessed using the AES (clinician version). This scale has 18 items, each rated from 1 to 4. It generates emotional, cognitive, and behavioral apathy subscale scores together with a full rated score of 18-72, with higher scores reflecting increasing severity of apathy. It can be self-rated or scored via an informant or a clinician. In this study, the AES was rated by a clinician. The AES has been widely validated, and shown good reliability and validity in several clinical populations. 8 The International Classification of Diseases, 10th Revision was used to screen for other psychiatric illness.
Participants also underwent standardized emotional evaluation (Self-Rating Anxiety Scale, Self-Rating Depression Scale) and cognitive assessment (Mini-Mental State Examination, Wisconsin Card Sorting Test, Iowa Gambling Test, DigitalSpan). The emotional and cognitive assessment data will be reported elsewhere. Sixty-seven patients with meningioma were enrolled, 65 of whom completed all of the assessments. Thirty-seven normal controls matched for age, sex, and education were recruited from the patients' families or relatives. The recruitment and assessment process is shown in Figure 1 .
Results
Patient demographic and clinical characteristics
The age, sex, and education distribution for all participants is shown in Table 1 . There was no statistically significant difference in age, sex, and education between the groups. Tumor size and edema were recorded for all patients Table 2 ).
aes results
AES scores before surgery were obtained for all 65 patients and 37 controls. Only one patient in the non-frontal (NF) meningioma group showed symptoms of apathy versus 12 in the frontal meningioma group. Not surprisingly, there were no symptoms of apathy in the normal control group (Table 3 ). 
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Peng et al relationship between apathy and location of meningioma AES scores were much higher in the MF group than in the other groups (F=8.766, df=4, P=0.000). The second highest AES score was in the ventral frontal (VF) group. AES scores were much lower in the other groups. However, when compared with the normal control group, there was no statistically significant difference in AES scores between the dorsolateral frontal (DLF) and NF groups. The apathy rate was statistically different among all studied groups ( Figure 2 , Table 3 ).
relationship between tumor size and aes
There was a correlation between AES scores and tumor size in patients with frontal meningioma. Compared with the DLF group (r=0.52, P=0.032, Figure 3A ), a stronger correlation was found in the VF group (r=0.64, P=0.008, Figure 3C ) and the MF group (r=0.84, P,0.001, Figure 3B ). No correlation was found between AES and tumor size in the group with NF meningioma (r=0.19, P=0.448, Figure 3D ). relationship between brain edema and aes AES scores were higher in patients with brain edema (34.73±8.28 versus 28.77±4.20, P,0.01) than in those without brain edema. Further analysis showed a higher AES score in MF patients with edema than in those without edema (P,0.05). Although higher AES scores were found in DLF and VF patients with edema than in their counterparts without edema, the difference was not statistically significant (P.0.05). Further, there was no difference in AES scores between those with and without brain edema in the NF meningioma group ( Figure 4 , Table 4 ).
relationship between tumor size, location, brain edema, and aes
Using regression analysis, we examined that which factors were probably related to apathy, such as age, sex, education, tumor size, location (DLF, MF, VF, NF), and brain edema. comparison of aes scores before and after surgery Thirty-four patients returned for follow-up 3 months after surgery, the other patients were either unwilling to continue or unable to be contacted. Two of these 34 patients were excluded from the study because of tumor recurrence or incomplete tumor resection confirmed on MRI. The distribution of the remaining 32 patients is shown in Table 5 .
We compared the difference in AES scores before and after surgery using the paired t-test. Although changes were found in AES scores between the MF and VF groups before and after surgery, the difference was only statistically significant in the MF group (P,0.01). Changes in AES scores 
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apathy and frontal meningioma before and after surgery in the DLF and NF groups were not statistically significant ( Figure 5 , Tables 5 and 6 ).
Discussion apathy and tumor location
Studies of apathy in patients with meningioma are rare. One of the reasons for this is that neurosurgeons might not be familiar with the symptoms of apathy, so that mild apathy may go unrecognized or severe apathy may be treated as depression or dementia. 13 Using the AES, we found that apathy is common in patients with frontal meningioma. Compared with normal controls and patients with NF meningioma, higher AES scores and apathy rates were found in patients with frontal meningioma, indicating that damage to the frontal lobe plays an important role in the etiology of apathy. This is similar to the conclusions of studies in Alzheimer's disease and Parkinson's disease. 4, [10] [11] [12] Further analysis of the frontal meningioma subgroups showed that apathy was most severe in the MF group, followed by the VF group, with the DLF group not showing any susceptibility to apathy. In regression analysis, MF was the most powerful independent risk factor for apathy, which underscores the importance of tumor location when considering the pathological mechanism of apathy.
The MF group mostly had parafalx meningioma, which compresses the medial aspect of the frontal lobe. It is not uncommon to see apathy when the MF lobe is damaged. In experiments done in monkeys, injury to the MF lobe caused a significant reduction in spontaneous behavior. 14 Kang et al reported that an apathy rate of 43% in 100 patients with infarction of the anterior cerebral artery, which provides blood to the MF area. 15 Therefore, we suspect that damage to structures within the MF, such as the anterior cingulate gyrus or corpus callosum, may be responsible for apathy. There is quite a lot of evidence showing the anterior cingulate cortex to be a key structure in generation of motivation 16, 17 and that it is somehow abnormal in patients with apathy. 11,12,14 As we already know, the anterior cingulate cortex accepts dopaminergic projections from the nucleus accumbens, and plays an important role in the "reward system". 18 It also connects widely with the limbic system and the frontal cortex, which is responsible for regulation of affect and for executive function. 19 Compression of the anterior cingulate cortex by meningioma may cause a reduction in motivation, as well as in emotional arousal and execution of goal-directed behavior. There is also evidence indicating that damage to the corpus callosum, another important structure affected in this group, may be related to apathy. 20, 21 Although the corpus callosum was not thought to be involved in the network regulating motivation in a previous study, 22 further research is needed to elucidate the underlying mechanism.
The VF group contained a majority of olfactory groove meningioma that compressed the VF. Bassiouni et al reported that 55% of their patients with this type of meningioma presented a number of psychiatric symptoms, of which 23% was apathy. 23 Combined with our current findings, it appears that the VF cortex is implicated in apathy. Atrophy in the orbital frontal cortex is a classical finding on imaging in patients with frontotemporal dementia, and most of these patients have symptoms of apathy. However, in the current study we did not found VF is related to apathy, which might be attributed to our relatively small sample size. Our current results also suggest that damage to the VF might pose lower contribution to apathy compared with the effect of MF on apathy. In fact, large VF meningiomas can affect the ventral portion of the anterior cingulate cortex. 24 This might also partly explain why patients in VF group presented apathy, though it was not as severe as that in MF group. The present study demonstrated that, overall, AES scores were positively correlated with the mean tumor diameter, ie, AES scores increased with increasing tumor size. Typically, tumor size can indirectly reflect the degree of injury of peripheral nerve tissues due to mechanical damage and secondary ischemia. It is well known that the larger the tumor, the greater pressure the peripheral nerve tissue gets. Bassiouni et al found that patients with meningioma affecting the olfactory groove initially only presented symptoms of behavioral disinhibition, and then symptoms of apathy with time, 23 suggesting that apathy is associated with the chronicity of a brain tumor.
When comparing subgroups, we also demonstrated that the correlation between AES and tumor size existed in the MF group but not in the NF group. The reason for this probably relates to the location of the tumor. NF meningioma usually involves the temporal, parietal, and occipital lobes and the cerebellum. Typically, these brain regions are not involved in development of apathy. Because larger tumors cause more pervasive structural damage in the frontal lobe, frontal meningioma affects structure related to motivation. If a larger tumor locates in the DLF lobe, it not only influences executive function, but also the middle areas of the frontal lobe. Therefore, patients with frontal meningioma developed more severe symptoms of apathy. Patients in the MF group also had more severe symptoms of apathy because frontal meningioma was near to the cingulate gyrus.
apathy and brain edema AES scores were much higher in patients with brain edema than in patients without brain edema, but the difference was only statistically significant in the MF group. Our explanation for this finding is that the tumors were much closer to the cingulate gyrus in the MF group had than in the other groups, so brain edema in the MF group could be associated with more severe apathy. Further, logistic regression analysis showed no relationship between brain edema and apathy, suggesting that brain edema alone might not be an important risk factor for apathy, but it might cause apathy if occurring in specific tumor location.
Tumor removal and apathy
AES scores at follow-up 3 months after surgery were much lower than those before surgery. Almost half of the patients with apathy returned to normal during the follow-up period. Previous studies have also demonstrated an improvement in symptoms of apathy after surgery in patients with frontal meningioma, 7, 11 suggesting that apathy caused by meningioma might be reversible. Other neural dysfunctions have also been reported to recover totally or partially after resection of meningioma. 23, 25, 26 This may be related to certain features of meningioma. Unlike other brain tumors, most meningiomas do not invade neighboring brain tissue. Meningiomas are extracerebral tumors with an arachnoid space between the tumor and the cortex, so when the tumor is resected carefully, the neighboring neural structures remain intact. This allows the possibility Figure 5 comparison of mean aes scores before and 3 months after surgery for all groups. Note: The AES score for patients in the MF group was significantly lower 3 months after surgery than before surgery (**P,0.01), but not in the DlF, VF, and NF groups. Abbreviations: aes, apathy evaluation scale; DlF, dorsolateral frontal; VF, ventral frontal; MF, medial frontal; NF, non-frontal. for restoration of function in the affected neural structures, which is rare in most diseases encountered in neurology. It would therefore be feasible to do research on apathy before and after surgery, which would be almost impossible in neurological disorders like Alzheimer's disease and Parkinson's disease. Further comparison of AES scores before and after surgery showed the greatest decreases in the MF group, followed by the VF group, suggesting that compression of the medial or ventral aspect of the frontal cortex is a major contributor to apathy. However, we did not find this association in the DLF and NF groups, suggesting that those regions might not be involved in apathy. However, we did find that apathy persisted in some MF patients after surgery, which might be attributed to incomplete recovery, suggesting that 3 months of follow-up after surgery might be too short to evaluate full recovery. Apoptosis of neurons and demyelination of white matter due to long-term ischemia might also need to be taken into consideration as a cause for lack of recovery of neural function.
study limitations
A relatively small sample size was enrolled in this study, mainly because of time and funding constraints, and it might be insufficient to demonstrate the correlation between some minor factors, such as VF meningioma, and apathy statistically. This may also explain why the AES score was high in the VF group before surgery, yet the follow-up study did not show any statistically significant difference in AES scores before and after treatment in this group, and why MF but not VF entered the equation in logistic regression. The dropout rate during the follow-up period was high, mainly because most of the patients did not live in Shanghai. When recovered, most returned home and were either unwilling to come back for further study or were totally lost to contact. Further research should take these factors into consideration; higher proportion of locally resident subjects or an appropriate pecuniary reward might help to improve this situation. In addition, with regard to the imaging method used to detect the pathological changes associated with apathy, MRI was only able to show the location of the tumor and other indirect factors such as tumor size and edema in brain tissue. Future research should consider use of advanced techniques such as single-photon emission computed tomography or positron emission tomography, 27 to show changes in metabolites or neurotransmitter-receptors, which may enrich our understanding of the mechanism of apathy.
